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FOREWORD

Classified material has been removed in order to make the information
available on an unclassified, open publication basis, to any interested
parties. The effort to declassify this report has been accomplished
specifically to SUppOrt the Department of Defense Nuclear Test Personnel
Review (NTPR) Program. The objective is to facilitate studies of the low

levels of radiation received by some individuals during the atmospheric
nuclear test program by making as much information as possible available to
all interested parties.

The material which has been deleted is either currently classified as
Restricted Data or Formerly Restricted Data under the provisions of the Atomic
Energy Act of 1954 (as amended), or is National Security Information, or has
been determined to be critical military information which could reveal system
or equipment vulnerabilities and is, therefore, not appropriate for open
publication.

The Defense Nuclear Agency (DNA) believes that though all classified
material has been deleted, the report accurately portrays the contents of the
original. DNA also believes that the deleted material is of little or no
significance to studies into the amounts, or types, of radiation received by
any individuals during the atmospheric nuclear test program.



.

OPERATION HARDTACK— PROJECT 2.1

SHIPBOARD RADIATION FROhl UNDERWATER BURSTS

M. M. Big:e; , Project Officer

H. El. Rinnert

H. A. Zagorites

U. S. Naval Radiological

Defense Laboratory

San Francisco, California

3–4



ABSTRACT

The principal objectives were: (1) the determination of total gamma-radiation dose and dose-
rate histories aboard three moored ships (destroyers) exposed to radiological environments
at lccations of possible operational interest about the surface zeros of two underwater nuclear
detomtions, Shots Wahoo and Umbrella: (2) estimation of remote-source gamma-radiation
dose and dose-rate histories at exposed weather-deck locations aboard ship: (3) estimation of
total gamma-radiation dose and dose-rate histories in the water adjacent to the ships; and (4).
measurement of gamma-ionization decay of a fallout sample collected on one ship a few minutes
after each shot.

The ships, which were equipped with operating washdown systems, were instrumented with
film badges and gamma- intensity-time recorders (GITR’s). The film badges and unshielded
GITR’s supplied radiation data at locations representing major battle stations; GITR’s sub-
merged in the water supplied some data on underwater radiation: and a fallout collector con-
nected to a fully shielded GITR supplied gamma-ionization decay data.

Radiation histories were obtained on only one ship for Shot Wahoo. Although histories were
obtained on all three ships for Shot Umbrella, some data was lost because of shock damage.

At least 95 percent of the total dose observed on the washed weather decks was attributed
to radiation from airborne radioactivity. After Shot Umbrella, weather-deck dose accumula-
tion (to 75 percent of final values) ranged between 600 r received w’ithm H -26 seconds at 1,900
feet from surface zero and 50 r received within H + 150 seconds at 7,900 feet from surface zero.
After Shot Wahoo, the dose accumulation was slower, but the final deck doses were about 300 r
higher, despite the fact that the ships were from 1,000 to 2,000 feet farther away from surface
zero than was the case for Shot Umbrella. For nuclear-weapon-delivery situations simuLated
by the two closer-in ships, temporary immobilization couid result in lethal or near-lethal doses.

Aiter Shot Wahoo, the majority of compartments received doses in excess of 500 r aboard
the closest ship and in excess of 200 r aboard the next-to-closest ship. After Sho~ Umbrella,
the two ships received doses in excess of 200 r in many compartments.

Ratios of dose or dose rate in compartments to dose or dose rate on washed weather decks
were dependent upon changes in radiation- source geometries and upon the presence of contami-

nants within the ships. The long-term dose ratios ranged between 0.1 and 0.7 for nonmac hinery
spaces, and between 0.02 and 0.2 for machinery spaces.

Although radiation from the water may have influenced the compartment deck dose-rate

ratios to a considerable degree at later times, the contribution of contaminated water to the
total dose observed aboard the ships was probably of little significance.

After Shot Umbrella, gamma- ionization decay was measured for the periods betvieer H -0.1
and 11.5 hours and between H*23. O and 34.9 hours. No decay measurements were obt. med for
Shot Wahoo.
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FOREWORD

This report presents the final results of one of the projects participating in the military-effect
programs of -Operation Hardtack. Overall information about this and the other military -effecl
projects can be obtained from ITR– 1660, the ‘“summary Report of the Commander, Task Unit
3.” This technical summary includes: (1) tables listing each detonation with its yield, ty-pe,
environment, meteorological conditions. etc. : (2) maps showing shot locations; (3) discussions

of results by programs: (4) summaries of objectives. procedures, results, etc., for all projects:
‘ and (5) a listing of project reports for the military-effect programs.

PREFACE

Project 2.1 gratefully acknowledges its indebtedness to the following organizations and per -
sonnel for their contributions to the project:

W. B. Lane, U. S. Naval Radiological Defense Laboratory, for the general concept and de-
tails he developed for coUection of early-time decay samples.

R. K. Fuller, Project 2.2, for implementing the collection and handling of the early decay
sample in the field.

Task Unit 6 of Task Group 7.1, for furnishing and processing the 1,700 film badges used
for technical measurements.

Personnel of Task Element 7.3.1.5, the Task Group 7.3 Decontamination Unit, who showed
a high degree of initiative and cooperation in installing the film badges aboard ship, in sample
recovery, and in sorting and handling the many fiim badges required.

The officers and crews of the Task Group 7.3 Special Projects Unit, who manned the three
target ships, for their frequent and cheerful assistance in maintaining support equipment, ac -
complishing repair and alteration work, and furnishing work parties when requested.

F. K. Kawahara, Project 2.2, for much needed help in reducing the gamma-radiation data
required for the final report.
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Chapter 1

INTRODUC TIOX

1.1 OBJECTNES

The principal objectives were: (1) the determination of total gamma-radiation dose and dose-
rate histories aboard three moored ships (destroyers) exposed to radiological environments at
locations of possible operational interest about the surface zeros of two underwater nuclear det-
onations, Shots Wahoo and Umbrella: (2) estimation of remote-source gamma-radiation dose and
and dose-rate histories at exposed weather-deck locations aboard ship; (3) estimation of total
gamma-radiation dose and dose-rate histories in the water adjacent to the ships; and (4) meas-
urement of gamma-ionization decay of a fallout sample collected on one ship a few minutes titer
each shot.

An additional objective was the provision of preproduction evaluation, production liaison,
instrument-maintenance consultation, and a field maintenance facility for all projects using
GITR’s developed by the L. S. Naval Radiological Defense Laboratory (NRDL).

1.2 TERMINOLOGY

In this report, total gamma-radiation dose indicates the combined contributions of all radi-
ation sources that affect the detectors. Doses and dose rates are specified to apply to air ab-
sorption only.

1.3 BACKGROUND AND THEORY

It is of interest to the Navy to find out whether the minimum safe standoff distance for anti-
submarine nuclear-weapon-delivery ships is determined by radiological effects or by physical
damage. (Standoff distance is defined as the distance of surface zero from the ship at the time
of detonation. ) Each tactical maneuver by the ship, during and after delivery of the weapon,
will have associated with it physical shock and radiation effects. For a given weapon detonated
under a specific set of environmental conditions, the shock effects will be chiefly dependent
upon the ship’s position and orientation with respect to surface zero at the time of shock arrival,
whereas the radiation effects will be dependent upon integration (with respect to time) of the
shipboard dose rates received at each position along the entire track of the ship.

Because it was not feasible to have the test ships actually perform representative tactical
maneuvers in the radiological environments, doses for such maneuvers were not measured
directly. The alternative was to obtain data for specific locations, which would be useful for
the calculation of dose rates aboard ships performing maneuvers in hypothetical weapon de-
liveries.

Parameters of interest in determinations of shipboard dose rates include: (1) the magnitudes
of radiation sources on the surfaces of the ship, in the surrounding and remote air, and in the
surrounding and remote water; (2) the ingress of contaminants into the interior of the ship: and
(3) the attenuation afforded by the ship’s structures or machinery with respect to the several
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radiation sources. Some of these parameters have been previously investigated, principally

for other than underwater-detonation conditions.
~ past calculations of shipboard radiation attenuation, the major emphasis has been given

to residual contamination on ships’ weather surfaces (Reference 1), with some work done for
a ship enveloped in a radioactive volum? Of air (Reference 2), assuming mOIIOenergetiC &tm~La
radiation and uniform contamination in an idealized geometry. (Shielding calculations are in
progress at NRDL, which for both residual contaminant and remote- source radiation take the
entire radiation-energy spectrum into account and which eliminate much of the need for ideal-
ized geometries in the case of remote~source radiation. )

Gamma radiation from sources outside a ship has been investigated during various phases
of the fallout environment from land-surface and water-surface megaton-range detonations
during Operations Castle (Reference 3) and Redwing (Reference 4) and, to a very-limited ex-
tent, during Operation Wigwam (Reference 5) for a deep-underwater detonation, using Liberty
ships (YAG’s 39 and 40) as the test vehicles.

The experimental results from Operations Castle, Redwing, and Wigwam indicated that at-
tenuation factors inside ships were dependent not only upon the geometries of the ships’ strut -
tures but also upon: (1) the geometries and relative magnitudes of the various radiation sources.
which depend upon detonation conditions and also change with time; and (2) the gamma-energy
spectra, which are functions of time and weapon design.
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Chapter 2

PROCEDURE

2.1 TARGET SHIPS

The positions and orientations of the target destroyers (DD’s) were chosen by the Defense
Atomic Support Agency (DASA), based upon compromises of requirements from the many proj -
ects utilizing the ships (Figures 2.1 and 2.2). The three distances of the ships from surface

zero (S2) were expected to represent regions of moderate shock damage, moderate to light
shock damage, and light to no shock darnage to-the ships of their equipment. The innermos~
and outermost ships were oriented with their sterns toward surface zero in order to simulate
probable escape maneuvers. The middle ship was oriented with its starboard side toward sur-
face zero to meet requirements of other projects.

The ships were located on a line downwind from surface zero in order to maximize the radio-
logical effects for a given distance from surface zero. They were expected to receive varying
amounts of radiation contributed by the plume, cloud, and weapon debris trapped in the water
near surface zero. in addition, they were expected to be contaminated to varying degrees by
the fallout.

The ships were subjected to continual washdown during the dynamic radiological events,
because shipboard operations by the various participating projects would have been hampered
by the expected high levels of residual contamination. (Washdown is a standard countermeasure
aboard naval ships and would normally be used during fallout or other contaminating events. )

Each ship had forced-draft blowers supplying air to one fired boiler in the forward fireroom
in order to supply power needed to meet the operational or experimental requirements of vari-
ous projects. The experimental ingress studies of Project 2.2 aboard DD 592 also required
the operation of forced-draft blowers supplying air to one unfired boiler in the aft fireroom and
the operation of ventilation systems supplying air to various compartments (Reference 6). The
ingress of these air supplies could be expected to create various gamma radiation sources ifl-
side the ships and to influence the radiation fields at various stations under investigation by this
project.

2.2 INSTRUMENTATION

The gamma-radiation dose rates and doses aboard the three ships were measured with GITR
instrumentation and standard Rad-Safe film badges. The shipboard areas selected for investi-
gation represented or simulated major battle stations aboard modern destroyers.

2.2.1 Gamma-Lntensity -Time Recorders (GITR’s). Portable, self-contained, battery-
powered GITR’s were developed as part of NRDL’s laboratory program. The GITR consisted
of a detector unit and a recorder unit (Appendix A). The detector unit could be mounted inside
the recorder unit case, or it could be mounted separately and connected to the recorder unit
with a waterproof cable.

The-detector unit consisted of two concentric ionization chambers with associated recycling
electrometers. Discharge of the initially charged ionization chamber by a predetermined quan-
tity of ionizing radiation, triggered the electrometer circuit, which sent a pulse to the record-
ing unit and recharged the ionization chamber to complete the cycle.

The pulses were recorded as on-off information on magnetic tape in the recorder unit. Three
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channels of ifior mation were recorded on each tape: the equi~alent of at least three decades of
radiation dose rates codd be recorded linearly on each of two c~nnels, ~d low-frequency
timing pulses were recorded on the third channel. The various recorders were started either

manually or by the activation of a relay system connected to an Edgerton, Germeshausen and
Grler, Inc. (EG~G) radio timing-signal receiver instalied on each ship. The recorder shut
itself off automatically when the end of the tape was reached.

The nominal dose-rate ranges of various GITR’s are presented in Table 2.1.

2.2.2 GITR Installations. Figure 2.3 presents the location and desigmtion of GITR detector
stations used by Projects 2.1, 2.2, and 2.3 aboard the ships. Unshielded GITR detector units
were mounted on weather decks and in several compartments in order to obtain the total radi-
ation fields at these 10Cations. Each ship also had three specialized GITR stations: (1) Station
14 was directiomlly shielded against radiation sources aboard the ship, to permit estimation
of remote-source radiations; (2) Station 15 was suspended in the water to measure radiation in
the nearby water; and (3) Station 16 was modified to a higher dose-rate range to prevent loss of
da+~ in case the standard GITR’s became saturated. GITR Stations 1 through 16, on all three
ships, were of specific concern to this project, although data from other stations was utilized
as required.

With the exception of Stations 18 and 21 aboard DD 474 and DD 593 during Shot Umbrella and
Stations 15 aboard all three ships during both shots, the detector units were separated from the
recorder units. All detector units and all recorder units were spring-mounted to present dam-
age from shock. In compartments where temperatures exceeded 120 degrees F (Stations 9, 10,
11, 12, and 13), the detector units were water cooled to prevent damage by heat. Approximately
O.I-inch-thick aluminum was used to: (1) cover each exposed weather-area station as a whole,
to pro~’ide protection, and (2) jacket the detector itself in the interior stations, to obtain similar
energy response characteristics. The c enterpoint of each detector’s sensitive volume was lo-
cated 3 feet above the deck on which the station was mounted, except in the specialized GITR
Stations 14, 15, and 16.

The modified detector in Station 16 was located 9 feet above the 02 deck to ensure a clear
view of all radiation sources, independent of ship orientation. The detector iii Station 14 (3.3
feet above the main deck) was encased by 4-inch-thick lead, which shielded against radiation
from sources on the ship or in the nearby water but permitted a clear view of surface zero and
the sky overhead.

Figures 2.4 and 2.5 show general details of GITR mounting and cooling.
The underwater Station 15 was suspended from a boom extending over the ship’s fantail.

After the underwater shock waves had passed the ship, the instrument container was meant to
be submerged to a depth of 11 feet by means of a winch-release-and-braking mechanism, acti-
vated by a delayed relay-closure from the G1’TR starting circuit. The detector unit was mounted
inside the recorder unit case; the whole GITR unit, with detector facing upward, was firmly pad-
ded with expanded polystyrene and placed into the instrument container (Figure 2.6).

2.2,3 Gamma-Ionization Decay Unit. This unit consisted of a fallout-sample collector, an
acid-wash unit, a delivery tube, a polyethylene sample container, a GITR, and a 6-inch-thick
lead cave (Figure 2.7).

The sample collector was a polyethylene tray set inside a Project 2.3 open-close collector
(OCC) mounted on the unwashed plafform on top of the gun director of DD 592 (Reference 7).
A perforated stainless-steel tube was attached to the inside edge of the tray to permit spraying
the tray with the- acid wash. A ‘~,-inch tygon tube, protected by flexible metal conduit, connect-
ed the tray’s drain hole with the sample container inside the lead cave, which was mounted on
the main deck of the ship.

The GITR detector was installed in the central cavity of the double-walled sample container
so that the fallout sample presented at least a 3-: geometry to the detector. The detector and
the sample contatier were surrounded by foam rubber to prevent damage by shock, and the
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sample container was pro~idecf u’ith an oserflow tube to prevent damage by hydrostatic pressure.
An EG&G radio timing signal activated the timing circuit to (1) start the GITR at H– 5 min-

utes: (2) open the cover of the OCC at H–O.5 minute; (3) close the cover of the OCC at H-4
minutes; and (4) wash the tray with 750 cc of concentrated hydrochloric acid at H+ 5 minutes.
The combined acid-and-fallout sample drained into the sample container and remained undis-
turbed for 53 hours, during which time two 12-hour records of gamma dose rate were obtained.
The time period chosen for fallout collection was based upon estimates of the time required to
collect a sufficiently large sample of fallout in a short time so as to start decay measurements
as early as possible.

2.2.4 GITR Calibration and Maintenance. Primary calibration of the GITR detectors had
been performed with an accurately calibrated Coso source at NRDL. At the Eniwetok Pro~’ing
Ground (EPG), the project used 120 curies of CS*3’ in a lead-shielded source holder mounted
in a trailer for calibration of GITR’s. The field calibrations with the CS*3Tsource were re-
lated KOthe primary CoGocalibrations by means of Victoreen 70A r-meters (known to be accu-
rate within .5 perter.t), which were utilized as transfer standards. The detectors were held
in a fixed orientation in the broad-beam radiation field by means of a jig. However, the chosen
orientation — which was used in order to insure reproducibility— led to biased caiibratiori, be-
cause the directional responses of the detectors were not uniform. The responses to various
gamma energies between 0.07 and 1.3 Mev were determined by means of filtered X-ray l~eams,
cs13r sotwces, and Cos( sources. These responses were used to estimate calibration-bias
corrections for various assumed radiation-source geometries and gamma spectra. The details
are given in Appendix B.

The field maintenance facility consisted of a dehumidified room equipped with tool kits, stand-
ard test equipment (oscilloscopes, and the like), and portable beta-radiation sources. The air-
conditioned calibration trailer also contained tool kits and standard test equipment in addition
to the gamma-calibration range. These facilities were established for use by all projects uti -
llzing the NRDL GXTR’S.

2.2.5 Film Badges. The GITR gamma-dose measurements were augmented by the use of
film badges. Approximately 1,700 standard Rad-Safe film-badge packets were supplied and
processed by Task Unit 6 (TU-6).

The standard Rad-Safe film pack consisted of two films: (1) DuPont 502, covering the dose
range between 0.1 and 20 r; and (2) IkaPont 834, covering the dose range between 10 and 1,200 r.
The fiims were partiaLly covered by lead strips 0.028 t 0.002 inch thick, to discriminate agautst
beta radiation, thereby permitting determination of gamma dosage. The exposed film was gi~efi
5-mmute de~elopment, with 4.5-minute agitation, in Eastman X-ray film developer at 68 de-
grees F. The developed film under the lead strip was read with an Eberline-Angus densitometer
at the EPG and reread with a Mac beth-Ansco densitometer at NRDL, which permitted Scaflnlng
the film for damage, pinholes, etc.

The film-badge packets were used in pairs in order to obtain statistical estimates of random
errors. Four to eighteen pairs of film-badge packets were either taped to stanchions or sus-
pended with twine 3 feet above deck level in each compartment or area being investigated. Fig-
ure 2.8 presents the area locations of the film-badge packets aboard the destroyers. Deta~led
locations of the packets are presented in Appendix C.

2.3 OPERATIONS

This @-eject participated in Shots Wahoo and Umbrella. The GITR’s were checked, repamed
if necessary, and calibrated before and titer each shot, so far as was practicable.

Project persomel mounted the GITR’s on the three ships by D-2 days of each shot. Instru-
ment checkout continued untti D- 1 day, at which time the system was readied for tes~ partlcl -
pation. Personnel of Task Eiement 7.3.1.5 were briefed on film-badge locations and reco~er!’



procedures aboard the ships by D- 2 days, helped project personnel install the film badges by
D- I day, and helped project personnel recover and process the” film badges after shot parti-

clpati?n.
The GITR’s were started either manually at H– 3 hours or by receipt of radio timing signals

it H- ~ minutes. The majority of the G1’TR recording units operated for 12 hours, but three

GITR recording units per ship operated for 60 hours. As soon afterward as was feasible, the

record tapes were recovered and processed for data reduction.

2.4 DATA REQUIREMENTS

As pointed out in Section 1.2, the doses and dose rates presented in this report, in units of
r and r, hr, are defined in terms of air ionization and not in terms of biological effects.

2.4.1 Data Obtained by Project 2.1. The data obtained by this project consisted of GITR
records from the various stations indicated in Figure 2.3 and of film badges exposed in loca-
tions indicated in Figures C.1 through C.19. The measu~ed GITR data c~nsiste-d of pulses
(representing predetermined quantities of air ionization) recorded on magnetic tapes running
at constant speed. The observed film-badge data consisted of the optical densities of the de-
~eloped film areas originally under the lead strips.

2.4.2 Data Reduction. The pulses recorded on the GITR magnetic tapes were initially con-
verted to uncorrected dose or dose-rate data by means of an analog data-reduction apparatus
~,dpplied and operated by project 2.3 (Reference 7); however, the IBM-704 computer at the EPG
was eventually utilized for more accurate read-out. h both cases, the conversion to uncorrect-
ed dose and dose rates was based upon the biased field-calibration dose increments of 0.243 mr
per pulse for the low-range GITR detectors and of 0.243 r per pulse for the high-range GITR
detectors. .

For the IBM read-out, the pulses from the GITR records (entered via an auxiliary special-
purpose magnetic-tape unit and gate chassis connected to the computer) interrupted accumula-
tion of constant-frequency timing signals in a register of the IBM-704. These times between
GITR pulses were stored in the computer memory and a simplified computer program was used
lo con~ert the stored period information into records of uncorrected dose, uncorrected dose-
ral e, and time zdter start of computation. Corrections for GITR recorder speeds, determined
by checking the record’s timing channel, were applied as part of the IBM computer program.
Corrections for G~R calibration shifts and bias, discussed in Appendix B, were applied to the
read-out data.

Conversion of time scales from time-after- start-of -compu~tion to time-after-shot was
straightforward for data from the radio- started GIT’R’s, because the starting pulse on the rec-
ord also served to start the IBM computation. That was not the case for the manually started
GITR records: therefore, the dose-rate data from these records (plotted on a relatise time
scale) had to be time-correlated with data from the radio-started GITR’s. This was accom-
plished by ltning Up times of those prominent curve features (such as maxima, and the like)
that should have OCcur red at the same time for all stations aboard one ship.

Corrected dose and dose-rate data for individual GITR stations were tabulated. The data
!r~n; the washed weather-deck GITR stations were averaged and tabuiated. For the periods
during which -saturated GI’TR’s created gaps in the data, estimates of average radiation data
for the weather-deck areas were approximated by normalizing appropriate data from several
‘unsaturated interior GITR’s to fit the actual weather-deck data on both sides of the gap. The
averaged weather-deck dose rates were ~SO corrected for decay to serve as a ~guide in esti -
n’.at:ng the relative importance of remote- source radiation (Section 3.2). Ratios of dose and
dose rate in compartment to average dose and dose rate on washed weather decks were calcu -

i~ted as functions of time. Ratios of the dose rate in the adjacent water to average dose rate
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on the .~ashed weather decks were calculated. The dose-rate histories from the gamma-
lonlzation decay unit were corrected for background of external radiation and normalized to
reza 1 r hr at H -1 hour. Slopes of the log-log plot of normalized dose rates versus time were
calculated for ~-ar]ous periods.

The various estimates of probable error in the results obtained from GITR data were based
upon consideration of the following (or combinations thereof): (1) relative accuracies of biased
detector calibrations in the field (Section B. 1): (2) tolerance intervals for bias-correction fac-
tors calculated for a broad range of assumed radiation-source geometries and gamma energies
(Sec~on B.2 and Table B.9): (3) estimated effects of timing errors (Appendix D); and (4) the
variance of data about the ca.lcuiated averages, where appropriate.

The film badges were developed by TU-6, but the gross densities were read and converted
to gamma-dose values by project personnel. The gamma doses for all film-badge stations in
each compartment or area were averaged. Similarly, the doses for stations in each athwart-
ship (transverse) third of the various compartments were also averaged.
dose in compartment to average dose on washed weather-deck areas were
badge calibrations and estimates of error are discussed in Appendix C.

2.4.3 Data from Other Proiects. For troth Shots Wahoo and Umbrella,

Ratios of a~erage
calculated. Film-

this project required:
(1) an approximate total of 1,760 standard Rad-Safe film badges which were supplied and devel-
oped by TV-6 — for technical measurements; (2) records of near-surface wind velocities m the
vicinity of the target ships—for correlative purposes: (3) access to photographic and other m-
reformation that helped to define the dynamic radiological phenomena as a function of time and
locatlon in the contaminated region; (4) access to all photographs showing the Iacations and
orientations of the ships with respect to surface zero after shot time—for correlative purposes;

and (5) film-pack data for the weather-deck areas from Project 2.3—to augment fiim-badge
data obtained by Project 2.1.
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Chapter 3

RESULTS AND- DISCUSSION “

,

After Shot Wahoo, GITR data was obtained only on DD 593, because power failures on the other
two ships prevented receipt of the radio timing signals. After Shot Umbreila, GITR data was
obtained on all three ships, although some data was lost because of shock damage to several
instruments; in addition, the majority of the GITR’s were manually started at H-3 hours to
circumvent possible repetitions of pow’er faiiure. The manual starts created some uncertxiinty
in the timing of most records, and as a consequence caused laborious time correlation of dose-
rate curves with those few records obtained from radio- started stations.

3.1 TOTAL DOSES AND D~E RATES ABOARD TARGET SHIPS

Detailed tabulations of f iim-badge and GITR data are presented in Appendixes C and D.

3.1.1 Weather-Deck GITR Data. After Shot Umbrella, the peak weather-deck dose rates on
DD 592 and DD 474 exc eedecf the normal capacity of the GITR detectors, i. e., the detectors
were temporarily saturated. To fill the resulting gaps in the averaged weather-deck data for
these saturation periods, data from several unsaturated interior GITR stations were normalized
to fit the averaged weather-deck dose-rate curves on both sides of the gap. The interior GITR
stations (which supplied the data used for normalization) were selected on the basis of similarity
in the shape of the candidate dose-rate curve with that of the averaged weather-deck dose-rate
curve in the vicinity of the gap. With this criterion, two sets of normalized data (used consecu-
tively) were required to close the gap in the a~eraged weather-deck dose-rate curve for DD 474
(Figure 3.1). Estimates of average weather-deck dose were obtained by numerical integration
of the filled-in dose-rate curves.

Averaged vaiues of the total dose rates and doses on the washed weather decks of the target
ships (and estimates of the standard errors) are presented in Figures 3.2 through 3.5 as func-
tions of time. The averages for DD 593 (both shots) do not include the data from GITR Station
1; the data appeared to be anomalously high when compared to the data from the other weather-
deck stations. No reason could be found for this apparent anomaly, alt bough the data and cali-
brations were rechecked. If the data from Station 1 were included, the average doses and dose
rates for the weather-deck areas on DD 593 would be about 1.3 times higher than shown in Fig-
ures 3.2 through 3.5.

Figures 3.2 and 3.3 compare the weather-deck radiation histories of the three ships for Shot
Umbrella. The dose curves show the rapid buildup of dose aboard the two close-in ships.

Because radiatjon histories for Shot Wahoo were obtained only on DD 593, the averaged data
from the weather-deck stations on DD 593 for bdh shots are presented in Figures 3.4 and 3.5
to permit comparisons of effects at similar distances from surface zero (i. e. , 7,9i)0 feet for
Shot Umbrella and 8,900 feet for Shot Wahoo). The curves (Figure 3.5) show that the dose for
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Shot Wahoo e~entually
dose was accumulated

reached a value about four times that for Shot LTmbrelia even though the
more slowly and the ship was 1,000 feet farther from surface zero.

The very-early dose-rate peaks evident only on the DD 474 and DD 592 curves of Figure 3.2
(during the time period between 0.5 and 6 seconds after Shot Umbrella) occur at the same time
for both ships. This indicates the existence of some radiation source which did not move hori-
zon~ly: however, the shapes of the dose-rate curves do not appear to correlate with the size-
versus-time relationships of the plume at surface zero (References 8 and 9). The doses from
the above- mentioned very-early radiations were too low to be of any significance; the values
observed on the weather decks were approximately 0.13 r on Di) 4’74 and 0.03 r on DD 592. The
very-early radiation was not detected on DD 593 for either shot, and there is no data a~ailable
to indicate whether such radiation was received on DD 474 and DD 592 after Shot Wahoo.

The time sequences of the major dose-rate peaks whit h follow the very-early peak appear
to depend upon the distances of the ships from_mt.rface zero (Figure 3.2), thereby indicating that
radiation sources were moving horizontally during these later time periods. This is borne out
by Reference 7, which suggests that there is a correlation between the shapes of the dose-rate
curves and the movements of the visible base surge or cloud for both shots as determined from
timed aerial photographs. Such a correlation would be consistent with the results of Section 3.2
in which it is estimated that more than 95 percent of the dose observed on the weather decks was
due to remote-source radiation.

3.1.2 Compartment GITR Data. The dose-rate and dose data for the various compartments
are tabulated in Appendix D,

Table 3.1 presents gamma doses accumulated within 24 hours after the shots. That part of
the dose which was accumulated itt the period later than 90 minutes after shot was estimated by:
(1) using the dose rates at 90 minutes after shot; (2) assuming that these dose rates would decay
as indicated in Figure 3.42; and (3) integrating the resulting dose-rate curves with respect to
time. As an estimate of how the average dose in a compartment is related to the GITR dose
data, Table 3.1 also presents location-bias factors, which were obtained by a~eraging all avail-
able ratios of average film-badge dose in the compartment to film-badge dose at the GITR sta-
t ion. The locations of the various compartments and stations are shown in Figure 2.3.

The gross relationships, i.e. , ratios, of the gamma dose or dose rate in various cofnpart -
ments to the averaged dose or dose rate on the washed weather decks are presented as functions
of time in Figures 3.6 through 3.36. It is important to note that these ratios may not necessar-
ily be good measures of the penetrability of ship structures by radiation from exterior radiation-
sources for two reasons: (1) the radiation inside some compartments may have been influenced
by radiation sources that were inside the ship (Section 2.1, Table 3.2, and Reference 6); and (2)
various weather-deck GnR stations may have been shielded by intervening structures whenever
remote radiation sources were not directly overhead. This may explain why Figures 3.10, 3.17,
3.18, 3.26, 3.33, and 3.35 show radiation in some compartments to be higher thar. that on the
weather deck during periods preceding possible contaminant ingress. The principal reason for
presenting the ratios was to show the variations in the relationship between the radiation inside
the ships and the average radiation observed on the weather decks as functions of time.

The ratios of dose in compartment to averaged dose on deck presented in Figures 3.6 through
3.18, show some fairly consistent trends. There are relatively large variations in the ratios
during #te time period preceding the major-peak dose rate. This can be attributed principality
to the changing radiation-source geometries which probably altered the radiation fields at troth
interior and exterior GITR stations to an extent depending upon the shielding afforded by struc-

tures between the sources and the detectors. For the time period following the tnajor-peak d~se
rate! by which time most of the dose has been accurndatecf, most of the dose ratios remain falr!y



constant except for a few cases which show significant increases at later times. These in -
creases in dose ratios at late times occur only for stations ‘which are among those listed in
Table 3.2 as being probably affected by ingress of contaminants into the ships.

As compared to the ratios of dose shown in Figures 3.6 through 3.18, the ratios of dose rate
show!? in Figures 3.19 through 3.36 show considerably more variation. This is to be expected
because, once most df the dose has already been received, relatively large instantaneous
changes in the dose rate may have little effect on the accumulated dose.

For many of the compartments listed in Table 3.2, the dose-rate ratios show significant
peaks during-the time period following the last major-peak dose rate for both shots and during
the time period between the two major-peak dose rates for Shot Umbrella. Most of the above-
mentioned effect is attributed to the presence of contaminants inside the ship. Other variations
in the dose-rate ratios for ali compartments were probably due to changing remote-radiation-
source geometries and possibly due to effects from contaminated water surrounding the ships
during periods when radiation from other sources was low (see Figure 3.31 for dose-rate ratios
based upon the data from the underwater Station 15).

3.1.3 Film-Badge Data. Averages of the 24-hour gamma doses aboard the target ships are
shown in Table 3.3. Film-pack data from Project 2.3 (Reference 7) are included in the table.
The 10Cations of the various compartments are shown in Figure 2.8. The locations and data
from individual film-badge stations are presented in Appendix C. In general. the Project 2.3
film-pack doses are significantly lower than the Project 2.1 film-badge doses for the weather-
deck areas. This may be due to differences in film, in processing control, and possibly in
calibration and read-out technique. Some of the Project 2.1 film-badge data from Shot Umbrella
for the DD 474 appears to be anomalously low when compared to the data for DD 592: the GITR
data indicates that the doses on DD 474 should be significantly higher than the doses on DD 592.
The data was rechecked and the badges were reexamined, but no reasons for the anomalies
could be determined.

For Shot Wahoo, most of the film-badge stations were exposed to doses in excess of 500 r
~i,j~rd DD 474, 2(JO r abo~d DD 592, and 90 r aboard IX) 593. For Shot Umbrella, the doses

.v:cre lower although the ships were from 1,000 to 2,000 feet closer to surface zero; but DD 474
and DD 592 were still exposed to doses in excess of 200 r in many compartments, whereas
~!mard DD 593 the doses in all compartments were less than 45 r.

Ratios of averaged gamma dose in various compartments to the averaged dose on the weather
decks of DD 592 and DD 593 are presented in Table 3.4. Ratios for DD 474 are not presented,
because the average dose on the weather decks could not be determined for Shot Wahoo, and be-
cause the film-badge data for Shot Umbrella was considered to be unreliable. For each com-
partment, the several dose ratios are in very good agreement so that reliable averages could
be determined. The film-badge dose ratios range between 0.36 and 0.56 for compartments ori
or above the main deck, 0.14 and 0.46 for nonmachinery compartments below the main tieck,
0.11 and 0.20 for machinery spaces above the waterline, and 0.019 and 0.068 for machli]ery
spat es below the waterline. Note that the possible limitations of the GITR dose ratios that were
discussed in Section 3.1.2 should also apply to the film-badge dose ratios.

As a raugh indication of dose distribution, the doses observed in each athwartship, i. e.,
transverse, third of various compartments were averaged and presented in Tables 3.5 through
3.7. In wide compartments there was a tendency to have lower doses in the center, presumably
because of shielding afforded by the superstructure. Another indication of nonuniform dose dis-
tribution in some compartments is the location-bias factor presented in Table 3.1 and discussed
in Section 3.1.2. _

The available comparisons of GITR and film-badge doses at the GITR stations are presented
in Table 3.8. The ratios of GITR dose to film-badge dose range between 0.72 and 1.46 and have
an average value of 0.96 witn a standard deviation of 0.14. Comparisons of GnR and film-badge
ratios of dose at GITR stations to average dose on the weather decks are presented in Table 3.9.
The ratios of GITR dose ratio to film-badge dose ratio range between 0.76 and 1.21 and have an
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average value of 1.02 with a standard de~iation of 0.11. These comparisons show that, ulth

few exceptions, there is good agreement and apparently no bias between results obtained from
GITR and film-badge dose data.

3.2 REMOTE- SOURCE GAMMA WDIATION

The directionally shielded GITR Station 14 was designed to permit discrimination between
remote- source radiation and high backgrounds of radiation from aeposited contaminants. How-
ever, examination of the data indicated that the background of radiation from contaminants on
the-washed weather decks was so low that the differences between remote-source and total ra-
diation were smaller than the probable errors in the radiation measurements. This led to the
following approach for estimation of the remote-source-radiation contribution to the total radi-
ation observed on the washed weather decks.

The basis for the estimation technique was examination of the decay-corrected plots of the
average total dose rates on the weather decks, which are presented in Figures 3.37 through
3.40. Measured decay data were available for the period later than 6 minutes after Shot Um-
brella (Section 3.4). For Shot Wahoo and for the period earlier than 6 minutes after Shot Um-
brella, estimated probable limits for the unknown decay curve were based upon: (1) the calcu-
lations of gamma dose-rate decay for unfractionated fission products (Reference 10); and (2)
straight-line extrapolation on the log-log plot of the measured gamma dose-rate decay shown
in Figure 3.42. The following discussion requires the assumptions that some undetermined
decay-corrected dose- rate curve can represent the buildup of contaminants on the ships’ weather
surfaces: and that this unknown curve always had either zero or positive slopes during the period
of interest, even though the decks were continuously washed (Reference 3 indicates that the ma-

jor value of washdown is the continuous suppression of contaminant buildup). Consider the above
assumptions and refer to Figures 3.37 through 3.40. The minima between the two major pea&
of the Shot Umbrella curves can certainly be considered to be upper limits of the decay-corrected
dose rate from, fallout deposited on the weather surfaces of the ships at the indicated times, be-
cause even if no radiation was contributed by airborne radioactivity (which may not have been
the case) the contribution from deposited fallout could not be greater than the total. For similar
reasons, those portions of the curves which tend to level off after the last major peak for either
shot can also be considered upper limits of decay-corrected dose rates from deposited radioac-
tivity, especially if there was a significant drop in the decay-corrected dose rate after the nearly
horizontal portion of the curve. Therefore, H the assumption of a continuously increasing build-
up of contaminants is valid, it follows that overestimates of the contribution by deposited con-
taminants to the decay-corrected dose rates can be represented by the horizontal lines labeled
as such in Figures 3.37 through 3.40. These decay-corrected estimates were converted to dose
rates that were integrated to obtain upper limits of the estimated dose contributed by deposited
contaminants for each assumed decay curve.

The estimated doses contributed by remote-source radiation to the total doses observed on
the washed weather decks of the three target ships, based upon the above-mentioned approac &
are presented in Table 3.10. These values indicate that at least 95 and 98 percent of tlw total
dose obser~ed on the washed decks was due to remote-source radiation resulting from Shots
Umbrella and Wahoo, respectively. As a consequence, the observed total- radiat ion data can
adequately represent the remote- source radiation for the washed weather-deck areas during
the first 10 minutes after shot. Unfortunately, there was no data available from which it would
have been feasible to estimate the percent contribution of the remote-source radiation to the
total dose for unwashed weather decks.

3.3 TOTAL GAMMA RADIATION ~ ADJACENT WATER

The attempt to measure the radiation in the water adjacent to the
cussful. No data was obtained for Shot Wahoo, because the starting
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On the ody two target ships t~t were instrumented (the instrument On DD 593 ~d been canni-
balized at the last minute to replace a burned out solenoid on one of the closer ships). Because
[h& dropping mechanism for GITR Station 15 proved unreliabl~, the underwater radiation de-

tectors were submerged in the water prior to Shot Umbrella in the hope that some data would
be obtained; however, the instruments on DD 474 and DD 592 were damaged by shock. Conse-
quently, the O~Y data ob~ined was from DD 593 titer Shot UmbreHa-

The tabulated radiation data obtained from the underwater GITR on DD 593 for Shot Umbrella
is presented in Appendix D. During the period when the ship was enveloped by the base surge,
the peak dose ~ates

are attributed to contaminants depositing in the water and possibly to con-
taminants washed off the ship. Following this period, the underwater dose rates were very
low until 6.4 hours after shot,

This late resurgence of underwater radiation is attributed to
a pate h of contaminated water (detonation debris originally upwelling at surface zero) drifting
down upon DD 593.

Figure 3.41 presents ratios of dose rate in the water JO average dose rate on the washed
weather decks of DD 593 after Shot Umbrella. Three curves were constructed because of a
possible uncertainty of 30 seconds in the timing. The results for all three possibilities show
that the underwater dose rates were less than 0.2 percent of the washed-weather-deck dose
rates during the periods when the ship was enveloped by the base surge and were no more than
20 percent of the washed-weather-deck dose rates during the later periods when the deck dose
rates were very low. Therefore, although the contaminated water did not contribute signifi-
cantly to the gamma dose observed on DD 593 after Shot Umbrella, the radiation from the water
may have influenced the dose-rate ratios to a significant degree at later times.

3.4 GAMMA-IONIZATION DECAY

No data on gamma-ionization decay was obtained for Shot Wahoo, because the starting signal
was not received. The gamma dose-rate data from the decay unit (GITR Station 22) aboard DD
592 after Shot Umbrella is presented in Appendix D.

Logarithms of the relative gamma dose rates are plotted as a function of logarithms of the
time-after-shot in Figure 3.42. The decay curve was also separated into segments fitted to ~
equation of the form

Dose rate = constant x (time)n

The exponents n were evaluated for various time intervals and are represented by the slopes
of the log-log curve shown in the figure. Standard regression techniques were applied to the
logarithmic variables to obtain the slopes and their 95-percent confidence limits.

The background of external radiation affecting the dose rates inside the 6-inch-thick lead
cave was estimated to be negligible for the time periods under consideration. The estimate was
based upon use of: (1) gamma energy variations listed in Reference 10; (2) gamma-radiation ab-
sorption coefficients and buildup factors from Reference 11; and (3) monodirectional attenuation
equations applied to the average deck-dose rates.
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0.99
1.15
0.82
0.96
(1.95
1.54
0.82

1.33
0.80
13$

0.77

1.13
~,:~

1.12

TABLE :.2 CuMP.@TIIE>TS PROB.WLY IXFLCENCED BY IXGRESS OF
R.ADIC).ACTIYE COST.L’$IIX.LXTS

GITR
Compmlmenl Ship Shot

StaL:On
Probsi~lt, Source of Ingress

Galley 9 DD 39: Umbrella Venti12LlUn alr

F or!rlrcl fire room ICI ~nd 11 .1.11 Umbreli~ Boiler am (fired holler)
and \i’ahoo

Forw’ard engine room 13 DD 47-! Umbrella Condenser water (? J

DD 59?

.+ft f;reroom 17 and 19 DD 592 Cmbrella Boiler air (unfired boiler)

.Atl eng:ne room 19 md 20 DD 592 Umbrella Ventililti On lir

.lft cp21_Le ~S
Q1 DD 592 Umbrello Vent:latlon alr
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T.AFL:. ..1( LS”rIM.-lTfl D DoSE CUSTRIBUTLD BY REMOTL-SC~LI{C1.
R.U)l.ITIOX UBSERVLD Us ii ASHED \VE.ATHER DECKS
OF THE T.kRGET SHIPS

Rcmotr-%urcr Conlr]ixltioll to Tot&l DOSCJon f)ecli
s}) !p Shol

.+1 13 mln .W’ter Shot At 2 hrs After ShOt
pc1 pet

96.6 ●

94.3 *
97.0 “
95.5 t
96.1 *
94.9,
96.1 “
97.6 t

- Estimate !m.seci upon use of decay curve (Reference 10).
+ Estlrnate hosed upon use of ex~rapoixed measured-decal curve.

Figure .3.1 Example of estimating average dose rates on deck
of DD 474 for period of GITR saturation, Shot UmbreUa.
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Figure 3.15 Ratios of dose in compartments to average dose on
weZther decks of DD 593, Shot Cm brelIa. Vertical bars indicate
estimates of probable error.
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Chapter 4

CONCLUSIONS AND RECOMMEIW3ATIONS

4.1- CONCLUSIONS

The project had only limited success in meeting its objectives for Shot Wahoo, but met most
of its objectives for Shot Umbrella. The conclusions are meant to apply only to the specific test
conditions and radiological environments encountered aboard the moored and washed target ships.

4.1.1 Total Gamma Radiation Aboard Target Ships. The gamma radiation data indicated

rapid rates of change with time after burst, and dependence upon distance from surface zero.
These characteristics are summarized in Table 4.1 for the washed weather-deck areas. After
Shot Wahoo, the weather-deck doses accumulated more S1OW’1Ybut eventually reached values
on the order of 300 r higher than for Shot Umbrella, even though the ships were from 1,000 to
2,000 feet farther from surface zero.

For nuclear-weapon-delivery situations simulated by the two closer-in ships, temporary
immobilization could result in lethal or near-lethal doses. After Shot Wahoo, the majority of
compartments received doses in excess of 500 r aboard DD 474 and in excess of 200 r aboard
DD 592. After Shot Umbrella, the two ships received doses in excess of 200 r in many com-
partments.

Ratios of dose or dose rate in compartments to dose or dose rate on the weather decks were
dependent upon changes in radiation-source geometries and upon t he presence of contaminants
inside the ships. In one instance a dose-rate ratio changed by a factor of 1,000 within 28 min-
utes. The long-term dose ratios ranged between 0.36 and 0.63 for nonmachinery compartments
on or above the main deck, between 0.14 and 0.46 for other nonmachinery compartments, be-
tween 0.08 and 0.20 for machinery spaces above the waterline , and between 0.02 and 0.07 for
machinery spaces below the waterline.

4,1.2 Remote-Source Gamma Radiation. For the washed weather-deck areas, the observed
total radiation can adequately represent the remote-source radiation during the first 10 minutes
after the shots. At least 95 and 98 percent of the total dose on the washed decks was attributed
to radiation from airborne radioactivity for Shots Umbrella and Wahoo, respectively.

On DD 474 and DD 592, a very-early radiation peak was observed between 0.5 and 6 seconds
after Shot Umbrella but the dose from this effect was negligible, i. e., less than 0.13 r. No

data was avaifable to indicate whether simiIar very -eariy radiation was received after Shot

Wahoo. There was apparenUy no correlation of dose-rate data with the size-versus-time re-
lationship of theplume.

4.1.3 Total Gamma Radiation in Adjacent Water. Determination of underwater gamma radi-
ation was not successful; data was obtained only for DD 593 after Shot Umbrella.

Contaminated water adjacent to the ship did not contribute significantly to the total radiation
observed aboardQD 593 after Shot Umbrella. Indirect evidence suggests that, although radia-
tion from the water may have affected the compartment~’deck dose-rate ratios to a considerable
degree at later times, the contribution of contaminated water to the total dose observed aboard
the target ships was probably of litUe significance.
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4.2 RECOMMENDATIONS

1. It is recommended that the data from all Operatio! Hardtack Program 2 projects be

analyzed &d correlated. This is required to serve as a .sis for an operational amlysis to
determine safe standoff distance for antisubmarine wariare delivery of nuclear weapons under
Operation Hardtack underwater-detonation conditions.

2. It is further recommended that additional high-explosive or nuclear detonations be studied
under other detonation conditions. This is required to estimate radiolo~ical effects for other
possible weapon detonation conditions.
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Appendix .1

GITR ISSTR~MEST

lnstrumnts to record gamma radiation as a function of time had been developed and used during previous
field operations (References 3 and 4). However, this earlier instrumentation was entirely unsuitable for
usc dur]ng Operation Hardtack, w’herein high time resolution. wide radiation-intensity ranges, improved
detector geometry. simplified and unattended operation, rugged watertight performance. and improved
capability for data reduction were required. These requirements were the basis for the development of
the GITR Mcdel 103 (F]gures A.1 and A.2).

The Instrument developed was a dose-increment recorder c-onslsting of: (1) two concentric ionization
chamkrs \vith recycllng electrometers. (2) magnetic-tape recorder. (3) mechanical timer. and (4) control
cn’cult and battery power supply (Figure .4.3). These components were packaged in a watertight aluminum
czse 21 by 16 by 13 inches m size and had an overall \veight of 55 pounds. The externally mounted detector
unit tras connected to the main instrument assembly b~”me am of a watertight cable. Optionally, the de-
tector could be plugged mto the rnam instrument assembly within the case itself.

.1.1 DETECTOR UNIT

The detector consisted of a low-range ionization chamber constructed around a high-range ionization
chm-,ber. with each chamber connected to a recycling electrometer circuit (Figure AA). The recycling
electrometer consisted of a CK 56S6 electrometer tube connected as a cathode-coupled blocking oscillator
\vith the imerelectrode capacity of the ionization chamber in the first grid. Initially, the ionization cham-
ber was chaged. and the voltage on the first grid was below the predetermined triggering level of the
e lectromew r. lonizmg radiation discharged the chamber and caused a positive voltage shift on the first
grid. R’hen a predetermined voltage le~el was reached. the circuit was triggered and generated a pulse
of fixed amphtude at the cathode. The pulse caused the first grid to conduct and to transfer a constant.
predetermined charge to the chamber. Simultaneously. the pulse was recorded on magnetic tape. The
pulse w rminated at the cathode in approximately 500 psec. and the tube was left nonconducting with a
negative voltage on the first grid. thus completing the cycle.

The gamma-dose increment required to discharge the ionization chamber was directly proportional to
the amount of charge transferred to the chamber (Figures B.1 and B.2, Appenthx B). The charge trans-
ferred during each cycle was constant but dependent upon the triggering level of the electrometer. which
\vas controlled by the adjustable bias voltage of the second grid. Calibration of detectors was achieved
by adjustment of the bias voltage until a predetermined dose increment caused the electrometer to cycle
I.Appendix B). The calibration control for each chamber was located on the molstureproof electrometer
hcwsmg attached to the base of the chamkr assembly.

The Ionization chambers were constructed of thin-walled aluminum spinnings mounted concentrlcall).
C!lmdrica J and hemisphetucal surfaces were used wherever possible to establish optimum voltage gracil -
ents for efficient charge collection. The chambers were filled with pure argon at 7.5 psi and sealed by
solt-soldermg techniques over nickel-plated surfaces. The volumes of the two chambers were 1.473 cc
UC! 14.0 cc for the low-range and high-range chambers. respectively. The sensiti~-ity ralio of 1,000 be-
Iwren the MO ranges was achieved by the design value of the input capacity of the electrometer cmcult:
A Ieaci-tm filter ot,er the entire outer surface of the detector provided reasonably uniform energ. response
trom about 100”kev to 2 Mev (Figure B.3).

.4.2 RECORDER -SI?3TEM

The recording medium was 900-foot lengths of instrumentation-quality magnetic tape spooled on stand-
Ird :-inch reels. The tape was 0.25 mch wide and had a polyester backing 0.001 mch thick. A Brush
Electromcs company BK 1303-1 three-channel recording head, driven to tape samration. recorded un, -

tilre< t!onal pulses on the tape. The mwomum usable pulse pack@\vzs 400 b]ts per Inch of tqx. Ru -

82



cord]rg intervals of 12 hours and GOhours were used. \vith tape transport speeds of 0.2j id ().05 m, sec.
respectl~cl!. These speeds were accurate to n 2 percent for the entire-recording Interval. Both record~r~
\vere of identical construction with the exception of the drlv~ motors. A single 6 .7-volt nlercur!-batterj

stack has]ng a capacity of 14.000 ma-hr powered each recorder. The 12-hour recorder \vas dtv~en bl a

~-\\att motor operating at a speed of 6.000 rprn and regulated b!” a centrifugal governor. A 0 .Twvatt.
chronornetric=dly governed motor rotating at 900 rpm operated the 60-hottr recorde r. Both recorders
ut~hzed gear reduction and worm-gear drive. The tape was guided in the conventional manner. 31etaI

friction plates on the feed spindle established a are rage tape tension of about 4 ounces. Contxts on the
recorder turned off the instrument when a conductive section of tape at t~ enrl of the reel passed over
them to cause a circuit closure. Both recorders were developed at U.S. Naval Radiological Defense L~b-

o@torY NtDL) in conjunction with the Precision Instruments Company. San Carlos, California.
The dose increments chosen for the low- and high-range ionization chambers were 0,2$3 tnr and 0.243

r, respectirel~. At the maximum intensity of each range. the maximum-usable pulse packing on the tape
limited the recycling rate of the electrometer to 100 cps (87,500 rfir) for the 12-hour recording interval
and to 20 cps (17 ,500 r/hr) for the 60-hour interval. These dose increment and dcse-rate values appb’
only to the particular detector orientation and gamma energy chosen for the calibration (Appendix B).

AS radiation data was recorded on the two channels of the three-channel tape. b!ts \vere recorded on
the third chsnnel at 3.75 -seeond intervals to estabhsh a time reference for data reduction. The time bits
wet-e generated b}- a cam-operated switch driven by a low-power. 6-volt. direct-current. chronornetrlcdl!
go~erned motor. The accuracy of these pulses was i 0.5 percent. The timer $!ss manufactured b! the
Hayden Cornpan~ snd was used because of its known accuracy and high reliability.

The function of the control circuit was to start and to turn off the instrument. Power to all t?le motors
and to the filaments was controlled by means of a latching relay. This relay could be acti\-at@ locally by
a s\vitch on the instrument or remotely by a contact closure through a cable into the instrument. The in-
strument could be turned off by deacti~ation of the relay with the switch on the instrument or by the tape-
actuated turnoff switch on the recorder.

Mercurj batteries were used to power the motors and the filaments in order to take advamage of the
high current capacity and flat-discharge characteristics these batteries offer. In addition, a mercury
battery with very-low current drain was used in the electrometer-calibration circuit to restr]ct calibration
shift to less than + 1 percent during the expected life of the battery. Chamber bias and transistor bias
were supplied by carbon batteries. With the exception of the motor battery, the minimum batter) life was
in excess of 250 hours. However. the 12-hour recorder could be operated in excess of 26 hours and the
60-hour recorder in excess of 80 hours without a battery change.

A.3 DESIGN L1hlITS FOR OPERATION

AH components were designed to operate under the following m-mum conditions: (1~ a shock of 15 g
at 11 msec in all planes. (2) vi brat~otts of 12 g at frequencies up to 45 cps in afI planes. (3) temperature
within the detector of 120 degrees F, (4) temperature within the main instrument ~sembly at 155 degrees
F, (5) ambient relative humidity of 100 percent. and (6) a static overpressure of 5 psi. During the opera-
tion, satisfactory performance beyond these limits was frequently observed.

.%.4 SHOCK hfOL’NTING

The GITR instruments were installed throughout the three target ships. Because of the high shock ex-
pected on these platforms. all instruments were shock mounted for approximately 6 inches of deflect~on.
h eight-point suspension from steel springs in lines through the center of gravity of the instr~ ~nent was
used to support the main instrument assembly. The natural frequency of the suspension was about 5 cps.
The detector unit was supported from four springs in a horizontal ptsne through the center of gravi~ of
the unit. The suspension had a natural frequency of 7 cps and allowed 5 inches of deflection.

A.5 REMOTE-STARTfNG CfRCUIT

The limited recording time of the instruments and the requirement for unattended operation necessitated
remo_k triggering of the instrument installations. A shipboard system was designed to meet thts require-
ment (Figure A.5). The system consisted of the EG&G tone receiver and minus-5 -mmute relay, which \vas
connected to the project control panel and relay system. The relay system consisted of latching relays.
which were spat ed throughout the ship. When activated by the timing signal. each latching relay starteci
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as man! as four GITR instruments. The pro.wet control panel record~d the receipt of alI H- 5-minute

slgn~~ and COUldnlanuoll! be set tc, lock out the EGcG sl~mxl or arm the project rela)” S)”Stem ~d LO rc -

Se: di project t’e13>”s. The triggering sj’stems \vere similar on the three target ships.
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Appendix B

GITR CALIBRATION

.
B .1 BIASED- FIELD CALIBRATIONS

All instruments were initiaIly calibrated at NRDL wtith Co60 sources accurate to within 3 percem. .411
calibrations \vere made with a standard orientation, the longitudinal wtes of the detector and the radlat]on
beam were parallel. and the electrometer housing faced away from the source. In this orlentat]on, dose
increments of 0.243 mr and 0.243 r were established for the low- and high-range chambers. respective!)
The lmearit~ of the detector had been checked over a wide range of gamma intensities and is sho\rn in
Figures !J.1 and B.2.

To assure optimum reliability and accuracy in the data. each detector Jvas recalibrated m the field.
before and after each shot, with the 120-curie CS13; source installed in the project “s instrumentation
trailer. This source was standardized to the Cow sources by means of the Victoreen 70-A r-meter and
various calibrated chambers. To assure masfmum reproducibility of calibration, a Ixi! W= fabr a~~ tc’
comroi positioning of all detectors in the radiation beam. For personnel protection. the beam ~vas dlrectec!
vertically through the roof of the trailer. A calibration radiation field of 56.4 r,’hr was used for the adjust-
ment of the detector output-pulse periods to 0.016 and 15.5 seconds for the lo\t’-range and the high-range
channels, respectively. The low-range-channel pulse period of 0.016 second (um.ead of the expected vaIue

of 0.0155 second to give 0.243 mrl compensated for the 0.0005-second recycling time of the circuit. The
calibration radiation field w= too low to require a sitilar compensation for the high-range chmnber.

It was estimated that all field calibrations were made wtth a precision of about +‘2 percent. Upon re-
calibration following an event. the random shifts in calibration were noted to be about .3 percent. Eval-
uation of all phases of instrument operation indicated that the relative precision of almost all detectors
tvas about .7 percent throughout an event. However. it was known that the detector orientation used for
calibration. and chosen because it assured reproducibility. biased the results because of the nonumform
directional response of the detectors. Figures B.3 and B.4 show the results of pretest studies of ener~
response and directional response characterist~cs.

B .2 CORRECTIONS FOR CALIBRATION BIAS

Mter Operation Hardtack. a more-extensive investigation of GITR directional characteristics as a
function of ener~ was undertaken at N%DL for three conditions: (1) detector in the aluminum jacket.
representing interior GITR stations; (2) detector inside the aluminum drum, representimz ex~er~or GITR
stations; and (3) detector mounted inside the recorder c-e. Figure B.5 and Tables B.1 through B.G show
the results in relationship @ the biased field-calibration condition. The actual responses of the shielded
detectors (simulating the station mountings) to the several monoenergetic gamma-radiation kams for
various detector orientations were divided by the responses of the unshielded detectors to CS13: rachation
beamed at the top of the detector (the biased field-calibration responses).

The directional responses indicated above were used to calculate integrated respo~es to four ,deidized
radiation-source geometries: (1) horizontal radiation incidence, simulating remote pretransit rathatlon,
(2) hemispherical radiation source above station. simuIatmg the transit phase: (3J spherlc~ radiation
source around station, simulating interior stations affected by radiation from both the o~erhead decks and
adjacent \vater; and (4) radiation source presenting solid angle of 1.7-7 steradians below stat] on, s]mulatlng
ea rior statiom exposed only to contaminated decks and,for adjacent water. Figures B.6 through B.9 sh~~!

these integrated responses in relationship to the biased field-calibration condit]on. Howeve r. Lhe’se values
apply only for monoenergetic radiation sources.

In tlie absence of measured gamma-ener~ spsctra for these shots. the sensitivi~ of calculated correc-
tion factors to various assumed spectra was investigated. .%.. un-degraded ene r~ spectra for various
times after fission were considered: 9-second and 6.6-minute spectra from Reference 10; a 31-minute
spectrum from Reference 12; 1.1- and 5.2-hour spectra from Reference 13; am! J +hour spectrum from
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Lz~,~ Jruf.rr.1) distributed over the mtervaf ~ Dj This assumption biases the results somewhat by over-
. 2

~:nphas]zing the 10\\”energies (Figure B.1O,I. The ener~ flux for the pth intervals @ ~’j ). originating from
:!-,t :th intervti. IS represented by

m.11

S~::-.rr.lng all of the attenuated and degraded ener~ flus ~~ J for the pth ener~ interva!. otnginating from
211mttrvais that can contribute 10 lt. results in

.<-. txzm.pie of the effect of this assumed degradation on one of the assumed gamma-ener~
s~~;t.~ m Fwrme B. Il.

(B.2)

spectra is pre -

The ener~ flu-x for each of the ener~ intervals of the twelve energy spectra (SLXoriginal and six de-’
g!acicd~ was converted to an eqtuvalent dose rate by using conversion factors determined from Reference
.-4., These dose rates were used to calculate percent dose-rate contributions from ener~ intervals repre-
sentative of the energies at which the integrated detector responses had been calculated (Tables B.7 and
B .>), These percentages were used as weighting factors apphec! to the data of Figures B.6 through B.9.
:Fwreb~ obtaining ‘the merall responses to the sssumed spectra in relationship to the biased-field-
cshbration. GITR him-correction factors were obtained by averaging the reciprocals of the \$eighted
lntc,g;med responses to the assumed ener~ spectra for the various idealized radiation-source geometries
T~bIe B.91.
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T.M3LE B.1 D1.RECTIOS.lL RESPLISSL OF LCN!’-R.LSGE
GITR DLTECTOR t INSIDE C,.12-ISCH .\ LCMIXUSI
DRUM ) TO BE.-MIS OF VARIOUS R.+.DI.lTIC)!i5

f’alues ire comparisons to response of unshielded detector to
c~13T ~udlation ]Ramed It top of detectur (Odegree cr]ent~t!o n,.

Detector and drum were rutated m longitudintil plarne about cc 11-
ter of detector. Response is symmetrical about long: ~udmzl
ax]s of detector.

Detector 70-ke\ 12L1-kev lSO-kev ~513T
Ch-lentation X-ra.i.s x-r+\’s X-r3j.s

cu6@

deg

o 1.071 0.894 0.911 0.949 1.091
s? 1.039 0.930 0.950 0.95s 1,124
45 1.064 0.992 0.993 0.953 1.129
67 1~11 1.095 1.046 0.956 l.1~~

90 1.265 1.124 1.057 0.947 1.132
101 1 ,~~~ 1.114 1.040 0.936 1.1’26

112 1.170 1.058 1.003 0.912 1.107
1~~ 1.011 0.965 0.937 0.892 1.0s7

135 0.834 0.840 0.856 0.sj4 1.(131

146 0.609 0.693 0.701 0.796 0.9ss
157 0.473 0.317 0.571 0.507 0.666
1so o.~1~ o,~g~ 0.366 0.561 0.731

T.I. BLEB.2 DIRECTIOX.AL RESPONSE OF HIGH-R.+NGE
GITR DETECTOR ( INSIDE 0.12-INCH .ALL_IilIXChl
DRUM ) TO BEAMS OF VARIOUS R.ADI.iTIONS

Values are comparisons to response of unshielded detector to
CS13: rad~ation beamed at top of detector (Odegree orlentmon).
Detector and drum ivere rotated In longitudinal plme about cen-

ter of detector. Response is symmetrical about longitudinal!
aAIS of detector.

Detector 70-kev l~o+ey 180-kev
Orientation X-rays X-rays X-rays

~5t37 cc$~

de g

o 0.985 o.s~s 1.000 1.056 1.132
22 0.987 0.912 1.110 1.144 1,262
45 0.988 0.972 1.152 1.146 1.281
67 1.197 1.142 1.259 1.16S 1.314
90 1.289 1.217 1.309 1.171 1.336

101 1.24S 1 ,~~z 1.296 1.167 1.344

112 1.189 1.199 1,277 1.162 1.35(’
123 1.034 1.089 1.173 1.117 1.303
135 0.823 0.954 1.041 1.042 1.253
146 0.684 0.826 0.893 0.943 1.162
157 0.444 0.’774 0.763 0.848 0.72(,

180 o#lQ~ o,~~s 0.252 0.297 0.530

89



(t 1.012 (,.902 f),%cii 1.068 0
10

.,,,..- 0.969 0.940 0.90- 1.102 20
30

45 1.030 1.006 0.957 1.115 40
50
60

67 1.1.56 1.106 1 0,.’5 1.123 70
80

90 1.211 1.13? 1.01s 1.120 90

0.95E
0.958
0.964
0.982
0.994
1.000
1.019
1.013
1.013
1.019

101 1.150 1.112 1,005 1.112 100
112 1.122 1.0s2 0.974 1.102 110

123 I .(,41 1.016 0.9:4 1.093 120
135 (.91$ (,.923 G.!72 1.070 130
146 0.75(! 0.795 0,8{,5 1027 140

130
157 0.552 0.[):9 c1.666 0.953 160

170
1% 0.2 G-I G.357 0.415 0.819 18C,

1.013
1,006

0.994

0.976

0.941

0.884

0.786

0.64E

0.637

T.lBLE B.+ DKRECTIC~S.ALRESPONSE OF HIGH-R.WGE GITR DETECTOR
( ii’lTH 0.13-ISCH .ALCN!ISL-NJ.ACKET ) TO BE.UIS CJF
V.-UULILSR.lDI.lTIGXS

Values are comparisons to respmse Ofunshielded detecto;’ to CS137radiation
beamed a! top of deLecW 10degree orlentatlon~. Detector was rotated allOM
its cemer in lcmg~tudmal pime. Response M swmetric~l ~b~~t lonwdlnal
am of detector.

Detector 70-kev 120-keV lgc}-kev Detector
Orlentat]on X-rays X-rays X-rays

c o~o ~-ls?
Omenmtion

deg deg

0.907

1.03b

1.023

0.826

0.947

0.976

0.952

1.103

1.143

1.090

1.:23

1.250

0
10
20
30
4@
50
60
70
80
90

100
110
120
130
140
150
160
170
1so

0.96S
1.103
1.152
1.176
1.192
1.204
1.226
1.240
1,~~~

1.264

l,Q7~
l,~~&

1.276
1.249
1.209
1.111
0.911
0.5W
(J.~~~

67 1.210 1.139 1.245 1.281

1.301

1.302
1.314
1.30@
1.289
1,~5(3

90 1.295

1.198
1.161
1.138
0.940
0.781

1,213

1.159
1.164
1.153
1.023
0.919

1.283

l.~j’J

1,253

1.199
1.093
0.965

101
112
123
135

_ 146

0.614 0.S54 1.133

0.467160 0.164 0.298
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T.lBLL B.; DIR1. CTILJX.4L RESPONSE OF LOIV-R.>~GL
Dfi”lLCTL}R t MC) LNTED ISSIDL GITR C.W5E)
To BE.UIS OF V.A.RIOUS R.UX.+TIOSS

Detector nd case \\’ere rot~ted m three !0ng]tUdin2] plUIes ~45

degrees JP.WI ~ Ibout center of detector. The three responses
for each l~tjtudlnol angle \ve re aye raged ud compared to response
cf unshielded detector to Cs ls~ l-ldl~tion &amed at top Of detector

o 1.055 0.830 0.769 0.936 1.095
z? 0.982 0.s:s 0.767 0.963 1.115
45 0.97: 0.861 0.783 0.979 1.115
67 I.um,. 0.93: ( .$U7 0.992 1.113
9(, 1.189 0.973 - cl.a30 1.019 1.136

101 1.165 0.959 0.821 1.009 1.131

112 0.974 0 ,5~6 0.73’7 0.947 1.083
~~~ 0.703 0.633 0.624 0.869 1.021
135 (1.4:1 0.486 0.506 0.783 0.955
146 0.240 0.224 04324 0.641 0.846
157 0.05; 0.085 0.139 0.401 0.579
180 0.031 0.080 0,105 o,3~4 0.490

TABLE B.6 DIRECTION.IL RESPONSE OF HIGH-RANGE
DETECTOR i MOUNTED INSIDE GITR C.ASE)
TO BEAMS OF I’.%R1OUSRADIATIONS

Detector and case were rotated in three longitudinal plcmes (45
degrees apart) about center of detector, The three responses
for each latitudinal angle were averaged and compared to response
of unsh~elded detector to Cs13’ radiat:on beamed at top of detector
(0 degree orientation).

Detector 70-kev 1~[,-~ey 180-kev
Orientation X-rays X-rays X-rays

CS13’ C06L’

deg

o 0.955 0.857 (),926 0.964 1.079
~~ 1.034 0.948 1.024 1.137 l,~o~

45 0.945 ().924 1.011 1.163 1,~~~

67 1.165 1.082 1.103 1.219 1.265
90 1.274 1.179 1.147 1.255 1-29(,

101 1.196 1.124 1.111 1.250 1.316

112 0.996 0.994 1.015 1.182 1.292
123 0.615 0.745 0.796 1.024 1.159
135 0.358 0.552 0.638 0.910 1.076
146 ().~~1 0.393 0.495 0.735 0,936
157 0.053 0.153 0.235 0.455 0.646
180 0.L124 0.067 0.084 0.252 0.286
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“(, :00.09 0.07 0 34.1 0 35.5 0.7 20.7

U.09 12 U413 (,.12 o 2.4 @ 2.5 0.3 3.5

(1,15 to 0.37 0.16 0 5.9 @ 6.1 4.8 14.7

0.37 to 0.93 (1.lj~ 36.9 34.6 45.3 36.6 ~~,: 3~,~

0.93 to 5.0 1.25 62.1 22.8 54.7 19.3 71.5 26.9

T.lBLE B.6 G.UIM.I DOSE R.ATES CONTRIB~TED BY V.%RIOL’S INTERVALS OF
ASSUMED GAhlhl.+E!=RGY SPE CTR.\

See %ction B.? far dettils.
Dose Rate f:’oni Ener~ Interv~l

Ener~; Lntervd
C1.zss 1.1hr After Fission 5.2 hr After Fission 9 hr Mter Fission

hlark Original Degrade d Original Degraded Original Degraded

Spectrum Spectrum Spectrum Spectrum Spctrum s~ctr~~
Me v Mev pet pet pet pet pet pet

o to 0.09 0.07 pg 33.0 30.1 37.4 0.6 46.4

0.09 to 0.15 0.12 (,,4 3,2 1.1 3.6 2.6 ; ,J

0,15 to 0.37 0.16 3.9 13.4 5.3 14,7 5.6 17.6

0.37 to 0.93 0.66 ~~,~ 25.1 34.5 29.4 60.1 2:. s

(,.92 to j.O 1.23 54. s 9.7 ?-- ... 30.!3 14.9 31.1 6.S

.

TABLE B .9 GITR BLU+CORRE CTION F.ACTORS

Tolerance half-intervals, covering 95 percent of the population with 95 per-
cent confidence, are shoum in parentheses as percentages of the factors.

.+pproprl~te Period of Application Relative
Type of GITR Installation to Envelopment of Ship by Base Surge

Before During Afterward

Lo Iv-Range Chamber:

Standard esterior station 0.94 114;) 0.94 111;) 1.03 (13:)

Stmdard interior station 0.91 (5.5-,) 0.94 (3.3:) 0.97 (4.TZ)

Detector inside recorder case 0.93 (4.9;) 0.97 (7. s<) 1.07 (15;)
Combined average 0,92 (5.67c) 0.95 (6.1:) —

High-Ran&e Chamber:

StandZfrd exte:-ior station 0.79 r.?%) 0.81 (9.42) 0.86 (12rJ)
Sundard interior station o.7& (1.0;) (,.62 (5.9:) 0.84 !9.2=.)
Detector inside recorder case 0.79 (2.8:) 6.64 (3.5Zl 0.94 (18ZI
Combined average 0.79 (3.2’;) 0.83 (6.9~G) —
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Figure B.1 GITR Model 103 low-range detector output pulse per]od
as a function of gamma intensity for Coso and CS137. The longitudinal
axes of the detector and the beam were parallel. anti the eltctronlcs
housing v’as d]rect~cf away from the source.

Figure B.2 GITR Model 103 high-range detector output
pulse period as a function of gamma intensity for Coeo
~d c~t3?. The longltudin~ a~es of the detector and ‘tlU

beam were parallel, and the electronics housing was
dmected awa~-from the sourer.
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F.gure B. 7 GITR station response to monoenergeuc radi -
ation from hen~ sjc,erlcal source above station compared
with GITR respor.se to CS*37racbatlon beam directed ver-
tically at top of bare detector, Symbols: C standard
lnter~or s:ation; 1 standard exterior station; Z detector
mounted mslde GITR case.
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Figure B.6 GITR station response to monoenergetic radi-
ation from spherical source around ststlon compared w]th
GITR response to Cs’$? radiation beam directed vertically
at top of bare detector. Symbols: C standard Interior
station; L standard exter]or station; C detector mounted
inside GITR case.
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.Ippend:s C

FIL31-B.lDGE DATA. C.ILUIRATIOS. .UD ESTIMATES OF ERRORS

.

The numinallv 24-hour zantma doses for the individual film btiges abo~d the three target ships for both

shots are presented In Tables C. I through C .19- The locations of the film-badge stations in the various
compartments or =eas are presented in Figures C.1 through C .19.

c .1 C,ALIBR.4TION

Calibration exqx,sures of film badges were made b} T~ -6 on their calibration range at EPG, using Cot~

sources of kmmm strength at various distances and for V=IOUS exposure times. Calculated doses were
checked b! means of a Victoreen r-meter. .4t E PG, the densitj of the deseloped film was read by rnems
of u, E!m rhnc -.tigus densitometer !~’hlch gave dwtal akrage-densim” readings for a fixed 5,’lEby ‘*,I; inch
are~ of The film orlgindlr under the lew[ SIUIP. A fihn-densi~.-rers us-dose plot. used for prelim Iiaq.

results sh.~!~ed that there \~as consitkra!~le scatter in the data about the interim calibration curve.
Because Jamage to the fi:m emulsion — such M pinholes. scratches. wwerspots. and the like — uwld

incre~e Ilght transmission. all films \vere reread at NRDL, using a Macbeth- .tisco densitometer which
permitted xanrung \t-mch-diameter are=. in order tc find the masimum denst~ of the film originally
under the lead strip, Sta.nd~rd densi~ wedges )~ere used frequently to check the calibration of the cfen-
sitonleter.

According to Reference 16. characteristic cumes of film. density versus dose for gamma rzys can be
obtune,~ t~-ft,hbeta-ray plaques caiibrxted with film to inticzte an equimlent gamma ray e~~osure. A
group of sources with setera.1 lel”els of activity Nill tilou’ a complete curve to be reproduced in a short
period of time. The required activit) is lou snd sources equivalent to many curies of gwnma rays can be
used directl) in the Iaborator}’ without need for elaborate shielding. SrsO-YSc beta-ray sources were used
to estti~isn the shape of the characteristic curve for the film used by this project. The characteristic
curve for Sr:c- S90 sources fvas then normalized to give a good fit with various calibration points obtc.ined

by use Of Co$c sources both at SRDL iutd EPG. This normalized characteristic curve was used as tht find
calibration curve from vhich the film-badge doses presented in tftis report w’ere determined. Onl} the re-
sults from. the high -rmge film (DuPont S34 I are presented. because man!” inconsistences were observed
between the results from the low- and high-range films (in the same badge) that v“ere supposedly ex~osed
to Identical doses.

C.2 ESTIhLATES OF ERROR

Pairs of film badges were mounted at ail stations. except that four badges \vere used at the GITR sta-
tions. In order to investigate random errors mot bl.%s1. the percent~e dtiference in dose for each film-
badge pair was ca.lculatecf. For Shot \Vahoo data. the average percent difference for 276 f]lm-baf;, psirs
was 7.7 z 0.5 percent and the median xalue was 5.4 percent. For Shot Umbrella data. the average percent
chfference for 311 film-badge pairs was 2.3 + 0.1 percent and the median value was 1.6 percent. The lotver
values for “he Shot Umbrella data reflect improved handling and processing of the film badges.

The standard errors of the film-badge dose averages, expressed x percentages of the average dose in
a comparttwnt, are sho\\m in Table C.20. These percentage standard errors were obtained from the ex-

pression: 100 [1: .+ - n~ 2)/n (n-l)Y2] ‘n; hw ere x is the individual film-badge dose, n is the number of

film badges, and T is the average dose in the compartment.
All cifibration films which had been ex~osed to known-strength Con sources (both at NRDL ~d EPG )

were used to investigate the differences between the “actual” doses, i.e. , calculated or measured on the

calibration range, and the “assigned” doses (based upon use of film densities and the calibration curve

discussed in Section Cl). The absolute magnitudes of the difference between the tu’o doses vatned from
O to 32 percent of the ~signed dose and had an average value of 7 percent in the 10-to- 1,000-r dose rwtge
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mltieh is the remmnrnended rwy for use of DuPont 534 film). For the 5-to-10-r dose range. the asslgne<
doses averaged about 35 Percent lo\ver than the actual doses, and for the l-to-5-r dose range. lhe ass]gmed
doses averaged about 67 Percent lo~ver than the actual doses.

Some of the film badges were in compartments that \vere both hot and humid for long pe rlods of time. A

cursory investigation of t%mpe rature and humidity effects on film-badge calibration was performed by e>-
posing ten film badges to Co60 radiation and then immersing the badges for 24 hours in a water bath at 150
degrees F prior to film development. The films were developed from 3 to 14 days after exTosur~. L’sing
the abo~e-mentioneci calibration curve resulted in assigned doses which averaged about 12 percent highe r
(and varied from 7 percenL lower to 32 percent higher) than the actual doses. The conditions of this inves-
tigation are considered to have been more severe than the actual conditions encountered by the film badges
aboard the test ships.

On the basis of the above discussion it would appear reasonable to say that film-badge dose averages
are probskdy accurate to within ’20percent for the recommended dose range of 10 to 1.000 r. and are prob-
ably accurate to within a factor of two, 1. e. the assigned doses are presumable too low. for doses lower
than 10 r.
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T.+BLE C.20 ST.AND.+.RD ERRORS OF FIL1l-B.mE DOSE .~VER.\GES

Values arc expressed as percentages o! the awrage dose in various compartments or
arsas.

Compartment or Area
Shot )~ahOO Shot Cnlbrelia

DD 474 DD 592 DD 593 DD 474 DD 592 DD 593

Above waterllne. 16 to 33 ft:
Pilot house
Chart house

Main weather deck
hlidships
Fantail

Above waterline. 11 to 16 ft:
Forward quarters
Radio central
Galley
Crew’s washroom

Above \t’atcrlme. 2 to 4 ft:
Crew’s mess
Forward fireroom
Forward engine room
Aft fireroom
Aft engine room
Aft quarters
Steering gear room

Below waterline, 3 to 6 ft:
Magazine
Forward fireroom
Forward engine room
Aft fireroom

‘Aft engine room

—
—

—

—
—

11.3
11.0

12.2
.
—
—
6.0

6.b
8.4
.5.9

—

5.2 14.3
7 .0 6.6

4.5 9.6
— 13.0

9.1 &.~

17.5 5.2
5,? 4.5
7.1 6.0

5.1 6.7
9.6 6.C
5.9 6.6
7 .6 —

6.0 —
1~.$ 5.7

9.1 6.3

4.8 4.0
y ..J 11.0
6.7 9.6
7.0 —

6.7 —

2.9
7.9

4.6
—

7,7
6.1
4.2
4.2

5.4
10.%

~,Q

—
3.1
3.3

&.4
5.9
8.5
—
—
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Figure C.3 Location and desig~tion of film-badge stat~ons
in crew’s mess (second platform) aboard target ships.
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113



.--@------- _-–*_-..~

—

rwarC

Figure C.8 Location and designation of f~lm-badge stations
in forward engine room (upper level) aboard target ships.
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F.,wre C.1O Location and designation of film-badge
st~tions in galley (main deck) aboard target ships.
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TABI_’L.ATIONS OF GA..1M.+-RADIATIOS HISTC)RIES
.

Appendix D IS not being published.
The appendi~ consists of 2 pages of tem. 366 pages of numerical data tables Idose rates and cfoses .er-

sus time and location, and the like]. and 3 figures tku depict the estimated probable errors in a\ cra.s~
gamma dose rates and doses K’eL-SUStime j on the \veathe r decks of the target ships.
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